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.RATIONAL ADyjS0RY..0pHMITTB8 FOR AERONAUT'IOS _ 

.'.,/■■ . '•'^M.IOAi" .NOTE HO. 931 

GUIDES iOHyPHEYBHTISG BUOiCiilNG- IN AXIAL* EATTGVE TSSTS 
■ OJ i&gBP SHEET— METAL SPECIMENS 
By W.'G. Brueggeman and M. Mayor, Jr. ' 

SUMMARY .• ' "" ' 



Guide fixtures are -described "by moans of which 
axial fatigue loads including 'compr es s idn may "bo applied 
to a thin shoot— metal specimen* Tests indicat e ' that tho 
guides provonted "buckling withou-t "bypassing the load or 
injuring the specimen. * ' ' " 



INTRODUCTION . 

- 1 * r 




r In connection with investigation's sponsored by tho" 
National Advisory Committee for Aeronautics it was de- 
sired to make axial fatigue t.eBts on aluminum— alloy 24ST 
sheet— motal specimens 0.032 inch an$ 0»1Q2. inch thick. 
In genoral, alternating loads were t'o "be applied ; ■ that is 
the load* would -vary sinusoidally from a maximum compres- 
sive load (minimum load) to an equal maximum tensile load 
(maximum load) , the mean load "being zero. " 

To attain uniformity' of stress and for other . practi- 
cal reasons, it is necessary that the length of an axial 
fatigue specimen "be relatively great in relation to the 
width, perhaps of the order of 10:1. Assuming that tho 
minimum width is equal to that of tho standard sheet- 
metal static tensile specimen, 0,5 inch., the dimensions 
of tho thinnest specimen would be 0.033 "by 0.5 inch "by 
5.0 inches. Unloss this specimen is supported laterally 
it is not possible to apply a. compressive load of the 
magnitude nooossary f or f at'igue "t eBt ihg as buckling would 
occur at a lower load. 
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Sovoral means for supporting., she-e-t— : metal specimens 
against -.btL'c£13ng -under static loads have" "been used (rof- 
orencos 1 to 4). The most promising of these for fatigue 
loads appeared to.be that use& at the.. Nat ional Bureau .of 
Standards by Aitchison and Miller '('reference 4), which 
consists of restraining the specimen between stiff lubri- 
cated guides. iDhis is an adaptation, pf. the Montgomery 
fixtur.o (^cficr-dnc'e 3) , the "rollers having "been replaced 
by 'solid "barsi light-weight, guide* were developed for 
fatiguo uso employing this principle.' "" 

B of ore confidence could be placed 'in "those guideB 
it was necessary to verify that they prevented buckling 
without bypassing load around the specimen and wi-hoat 
injurious effects on the spocimen, such as abrasion. 

Experimental evidence of the adequacy of the guides 
is prosentod in this roport together with a description 
of the testing technique 

■ Machines 'ffosfrs were madb in two axial t ens ion— compression 
fatiguo machines. In machine A (fig.l). tho load is 
applied to tho specimon by moans of a cr ank— dr i v on lever 
at tho rato of 1000 cycles" per minute; in machine B, 
(fig. 2) by moans of an eccentric at the rato of 2000 cycloB 
per minuto. The capacity of both machines is about ±1500 
pounds . . • . .. 

. . .Specimen ^— Reduced— s/ection sheet— mptal fat igua speci- 
mens, as -shown in figuro 3 wore used in- both machines. 
3?ho thicknoss was 01032 inch for machine A and 0.102 inch, 
for machine B . 

Guides' .— Guides similar to those- shown -in figure 4' 

were usod in machine A to make possiblo strain measure— ; 
monts on tho spocimen; thx)js : o shown in -figuro 5 wore used." 
in machino B for that purpose", ' Tor' routine tosting strain, 
is not measured; tho guides shown" in figures 6 and 7 are • 
usod. 2?ho parts, consist of " A (fig. -7) tho specimen 1 ; B,_ . 
a pair of stool bars lightened by milling to an I— section; 
C, sido'platos which hold the bars- in place; D, papor 
saturated . with lubricant; 31 - t bolts; I* washer s ; &, nuts.., 
3?ho spocial s ide. p'lates . IJ havo an opening for a Juckorman 
gage, 5?h6 bolt ' holes in the- side' : plat es aro elongated to 
permit • adjustment . -- 
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"The papor, B, has- boon found, no cos sary to rotain 
tho lubricant. Ear ly ■ oxpor iments in which tho papor was 
not usod rosulted in abrasion of tho specimen duo to 
working out of the lubricant, _ . 

When assembling, a strip of the saturatod' papor is 
placod on each side of the specimen; tho parts aro bolted 
togathcr snugly, but not tightly; tho bars aro clampod 
firmly against tho spocimon by small 0— clamps at each end; 
tho bolts are tightened and the clamps are removed. Whon 
properly assembled, tho guide may easily be slid by hand 
on tho specimen and in a. vortical machine will quickly 
work down on the spocimon Under its own woight, Tho guido 
is maintained in its medial position by placing a felt or 
rubbor pad botwoon tho end (or ends .in the case of machino 
B) of tho guido and the. grip* * . * 

Bost results were obtained with a grease lubricant 
of a typo used , in ball bearings, This grease is^desig— 
natod Andok 11—275 and is marketed by the Standard Oil 
Company of How Jersey. A coat of tho grease is applied 
to both sides of the papor and is allowed to soak in un- 
til tho papor is saturatod. 

Tho papor was takon from a lot produced for a special 
purpose in the experimental, paper mill of the Bureau. It 
is a watorloaf shoot approximately 0,004 inch thick made 
from a furnish of 50 porcont sulfito and 50 porcont Boda 
wood pulp. Its chemical reaction was practically neutral. 
This papor differs from most common commercial papors in 
that it is free from rosin and alum probably its con- 
sistency is more nearly that of blotting paper than of 
any other commercial paper. Little expor iohco "Eas been 
had with other papers, "One color od paper which was tried 
apparently had a slight corrosive action on tho aluminum- 
alloy spocimon^ 

Tho guide bars A shown in figure 5 wore usod in con- 
Junction with special wire gagos mounted on tho spocimon. 
The gagos consisted of a hairpin loop of resistance wire 
B 0.001 inch in diameter cemented to each side of the 
specimen. For insulation a strip of papor about l/8 
inch by 5 inches was comonted to the specimen, tho wire 
loop was cemented to the paper, another strip of papor 
was cemented on -top of tho loop. "Tho rosistanco of each 
gage was 90 ohms. The guido bar A is lightonod by mill- 
ing to a channel— shape . cross—section and tho faco is 
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groovod to clear the wire gage* Grease—saturated papor 
was used as- with the regular guides. 

goats. ,,-" Strain, amplitude measurement s were made for 
several load amplitudes onnspecimeirs-— in machine A under 
both static and dynamic condit ions . as follows: 

1. Minimum load is 0, guides off 

2. Minimum load is 0, guides on 

3. Mean load is 0, guides on 

For tho static condition the crank of the machine was 
turned slowly "by hand. She strain amplitudo was deter- 
mined "by moans of a pair of guckorman optical strain 
gages mount od on the edges of tho specimen as .shown in 
figure 4» - ghe aut'o'collimator was equipped with a dumb- 
bell rotioulo. 

AH 

gho amplitude of tho resistance change ■=--., of 

the wire gagos was determined for the specimen which 
waB loaded in. machine B under .conditions similar to 
those obtained for machine A, In addition a sor-ios of 
compressive loads (maximum load- .is 0) were appliod. 

glio change in resistance of the wiro gagos was de- 
termined .by means of an a/c. Whoatstone bridgo of which 
a Campbell— Shackolt on shioldod ratio box (reference 5) 
formed two arms, a Kohlrausoh slide wire the third, and 
the wiro gage the fourth* fhe change in resistance of 
the gage with load modulated a l§0a--cyclo carrier signal 
applied. to the bridge.; the amount of the modulation was 
moasurod on tho screen of a cathode— ray oscillograph, 
gho change in resistance of the gago was determined by 
adjusting the Kohlrausch . slido wire to produce the same 
chango in- modulat ion » 

aosults ghe results are given in figuros 8 and 9 
for machino A and in figures 10, 11, and 12 far machine B. 
In the caso of machine B the relative change in resistance 

^~ was plotted as abscissa or ordinate directly without 
converting to strain, '{To significant differ onco is ap- 
paront botwoon the amplitudo of tho strain or 

R 
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corresponding to a given load, amplitude with tho guidos 
on and with, tho guidos off. 

' • : It is ovidon* in figure 9 that the- 'strain amplitude 
is about 6.5 porcent groator whon machine A is running 
than v/hon tho c^ank is turned slowly by hand; This 
difforonco is causod "by tho inertia of th-o lover; a 
similar difference has . been observed in another nachino 
by others '( r of or en'eo 6 : ) . 

Figure 11 fails to show an appreciable tt dynamic 
overthrow'" for nachino B, within observational orrors 
which voro as high as 6 percent for one of tho points. 

» . * .~ 

There was no effect of tho guides on tho strain or on 

* ■■ AS 

for static and dynamic loads.. Figure 12 shows that ~ 

A 

was very nearly equal on both sides of tho specimen for 
all typos of loading with tho guides .oh. 

Experience with the guides on specimens to which 
as nany as 10 ? cycles of stress were applied has not 
shown any injurious abrasion!" or other effo.cts which 
could fc bo correlated with premature failure of the Bpeoi— 
nen. • 

Qcftaolus ion .— A method is dos cribod for 'lat er ally 

supporting a thin she.et— metal specimen to prevent buck— 
ling when axial compressive fatigue loads are applied. 

Tests in two fatigue—testing machines on laterally 
supported 24S— T sheet— metal specimens 0.033 inch and 
0,102 inch thick have indicated an axial condition of 
loading and negligible bypassing of the load by the 
guidos. ITo noticeable abrasion or other injurious ef- 
fects have boon experienced when using the technique 
described. 
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Figure X.- Fatigue testing mac nine K. 




Figure 2.- Fatigue testing machine B. 
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?igore 3.- Sheet metal fatigue specimen. 



Figure 4 - Apparatus for measuring the strain on the edges of a 
Figure 4. Appa^ fatigue specime n. 
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Fig. 5 




Figure 5.- Special wire gage mounted on a fatigue specimen and 
guide for this specimen. 
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Figure 9.- Dynamic overthrow for machine A. 
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Figure 10.- Results for machine B» 
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